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1 Native Range and Status in the United States

Native Range
From Hejna et al. (2024):

“Native to East Asia and China, Schyzocotyle acheilognathi was first described by S. Yamaguti
in 1934 from Ogura Lake, Japan (Scholz, 1997).”



Ahmad et al. (2018) report S. acheilognathi (as Bothriocephalus acheilognathi) as native to
China (Chongqing, Fujian, Gansu, Guangdong, Guizhou, Heilongjiang, Hubei, Jiangxi, Jilin,
Liaoning, Nei Menggu [Inner Mongolia], Ningxia, Shanxi, Sichuan provinces), Mongolia, and
Russia (Eastern Siberia and the Russian Far East).

Status in the United States
From Hejna et al. (2024):

“This parasite has become widespread, and is known in several areas of the United States. It
appears to be well established in the lower Colorado River and the Hawaiian islands (Choudhury
et al., 2006), and has been reported in the Great Lakes (Marcogliese, 2008) and Susquehanna
River watershed (Reyda et al. 2019).”

Hejna et al. (2026) report Schyzocotyle acheilognathi as established in Arizona, California,
Hawaii, Nevada, New Mexico, New York, North Carolina, Texas, and Utah. They also report
Schyzocotyle acheilognathi as collected in Colorado and Michigan, and introduced with
unknown status in Illinois and Wisconsin.

From Bunkley-Williams and Williams (1994):

“Records in Puerto Rico - Present in 2 of 6 guppies at the Maricao Hatchery, 3 of 4 guppies in
the Maricao River and 6 of 8 guppies in a small stream west of Lajas. In Maricao, only one adult
worm occurred in each fish, but in Lajas 1-3 were found. [...] now established [in Puerto Rico]
and independent of its original host.”

No records of Schyzocotyle acheilognathi directly in trade in the United States were found.
However, S. acheilognathi has been found parasitizing fish in trade in the United States. For
example:

From Boonthai et al. (2017):

“We collected live baitfish for examination from 78 retail stores in Michigan between September
2015 and June 2016.”

“Schyzocotyle acheilognathi was regularly detected in baitfish collected from bait shops
throughout Michigan [...]. Specifically, 48 of 90 (53.3%) lots examined resulted in the presence
of S. acheilognathi [...].”

Regulations

Schyzocotyle acheilognathi is regulated as a fish parasite in Oregon (Oregon Secretary of State
2023) and Utah (Utah Office of Administrative Rules 2023). Please refer back to state agency
regulatory documents for details on the regulations, including restrictions on activities involving
this species. While effort was made to find all applicable regulations, this list may not be
comprehensive. Notably, it does not include regulations that do not explicitly name this species



or its genus or family, for example, when omitted from a list of authorized species with blanket
regulation for all unnamed species.

Means of Introductions within the United States
From Hejna et al. (2024):

“Schyzocotyle acheilognathi was first identified in North America in 1975 in Golden Shiner
(Notemigonous crysoleucas) and Fathead Minnow (Pimephales promelas) (Kuchta et al. 2018).
It is likely to have been accidentally introduced into North America as early as 1963 with Grass
Carp (Ctenopharyngodon idella), one of its native hosts, and subsequently spread through the
translocation of bait fish (Choudhury et al. 2006; Heckmann et al. 1993; Kuchta et al. 2018). For
example, Heckmann et al. (1993) found infected minnows in four bait shops near Las Vegas,
NV, that had originated from commercial ponds outside the state and Boonthai et al. (2017)
found S. acheilognathi to be widespread in baitfish in Michigan.”

From Boonthai et al. (2017):

“Our findings indicate that the end of the trade custody chain (i.e. baitfish retail shops) represents
a source for the potential introduction of S. acheilognathi via angler-purchased and potentially
released baitfish.”

From Cole and Choudhury (2015):

“Another suitable host, the mosquitofish Gambusia, is commonly used to control mosquitoes and
stocking of this fish probably introduced the tapeworm to California (Hoffman, 1999; Warburton
et al., 2002; Choudhury et al., 2006; Heckmann, 2009). The movement of infected baitfish
resulted in the parasite’s successful colonization of the U.S. Southwest (Heckmann et al., 1993;
Choudhury et al., 2004).”

From Bunkley-Williams and Williams (1994):

“This worm probably was introduced in grass carp brought into Puerto Rico on numerous
occasions since 1972 [...]”

Remarks
No additional remarks.

2 Biology and Ecology

Taxonomic Hierarchy and Taxonomic Standing
From ITIS (2024):

Kingdom Animalia
Subkingdom Bilateria
Infrakingdom Protostomia



Superphylum Spiralia
Phylum Platyhelminthes
Subphylum Rhabditophora
Infraphylum Trepaxonemata
Superclass Euneoophora

Class Acentrosomata

Subclass Bothrioneodermata

Infraclass Neodermata
Order Bothriocephalidea
Family Bothriocephalidae
Genus Schyzocotyle
Species Schyzocotyle acheilognathi (Yamaguti, 1934)

According to WoRMS (2023), Schyzocotyle acheilognathi is the current valid name for this
species.

The following synonym of Schyzocotyle acheilognathi from WoRMS (2023) was used to search
for information for this report: Bothriocephalus acheilognathi.

Size, Weight, and Age Range
From Cole and Choudhury (2015):

“The worm’s length is variable depending on the host, the ecological setting and age of the host,
the age of infection and the number of worms; 3.5-8 cm is typical, although specimens up to 1 m
in length have been reported.”

Environment
From Hejna et al. (2024):

“Eggs require water temperatures between 12°C and 37°C to hatch. Within this range, the amount
of time required for hatching varies with water temperature. Eggs tend to hatch within 1-5 days
at 28-30°C, and within 10-28 days at 14-15°C (Marcogliese, 2008).”

“[...] larvae become able to infect their final host in 11-18 days at 29-31°C, and in 49 days at
20°C (Marcogliese, 2008).”

Climate
From Ahmad et al. (2018):

“[...] it is able to colonize a wide range of fish and copepod hosts, over a broad latitudinal range,

[...]7



Distribution Outside the United States

Native
From Hejna et al. (2024):

“Native to East Asia and China, Schyzocotyle acheilognathi was first described by S. Yamaguti
in 1934 from Ogura Lake, Japan (Scholz, 1997).”

Ahmad et al. (2018) report S. acheilognathi (as Bothriocephalus acheilognathi) as native to
China (Chongqing, Fujian, Gansu, Guangdong, Guizhou, Heilongjiang, Hubei, Jiangxi, Jilin,
Liaoning, Nei Menggu [Inner Mongolia], Ningxia, Shanxi, Sichuan provinces), Mongolia, and
Russia (Eastern Siberia and the Russian Far East).

Introduced
From Cole and Choudhury (2015):

“In Mexico, it appears to be widely distributed (Salgado-Maldonado and Pineda-Lopez, 2003;
Rojas-Sanchez and Garcia-Prieto, 2008). In Australia, it is established in the eastern part of the
continent (Dove and Fletcher, 2000). In Europe, it is absent from northern European
(Scandinavian) countries; the current status in many central and eastern European countries

seems unclear. In South Africa, it is common in carp in certain areas and remains well
established.”

“Beginning in the 1950s, it was detected in western parts of the former Soviet Union, [...] By the
late 1950s and early 1960s, it was known from Ukraine and the Moscow area (Bykhovskaya-
Pavlovskaya et al. 1962) as well as from Romania (Radulescu and Georgescu, 1962). In the early
1970s, it spread across eastern and western Europe (Scholz et al., 2012). A steady stream of
reports indicated its worldwide presence, for example in Sri Lanka (Fernando and Furtado,
1963), Malaysia (Fernando and Furtado, 1964), Uzbekistan (Osmanov, 1971), Hungary (Molnar
and Murai, 1973), Croatia (Kezic et al., 1975, cited in Hoffman, 1999), Germany (Korting,
1974), [...] the former Czechoslovakia (Faina and Par, 1977), Afghanistan (Moravec and Amin,
1978), England (Andrews et al., 1981), South Africa (Boomker et al, 1980; Brandt et al., 1981;
Van As et al., 1981; Van As and Basson, 1984), Mexico (Lopez-Jiménez, 1981), Philippines
(Velasquez, 1982; Arthur and Lumanlan-Mayo, 1997), [...] France (Denis et al., 1983), Italy
(Minervini et al., 1985; Scholz and Cave, 1992), Iraq (Khalifa,1986), Korea (Kim et al., 1986,
cited in Paperna, 1996), [...] Brazil (Rego et al., 1999), Australia (Dove et al., 1997; Dove and
Fletcher, 2000), Turkey (Aydogdu et al., 2003), Canada (Choudhury et al., 2006), Panama
(Choudhury et al., 2013), and most recently Honduras (Salgado-Maldonado et al., 2015).”

“As well as its apparently low host specificity, its simple two-host life cycle using copepods
(Hanzelova and Zitnan, 1986; Marcogliese and Esch, [1989]) as the intermediate host with fish
as the definitive host have underpinned its great success in invading every continent except
Antarctica (Bauer and Hoffman, 1976; Dove and Fletcher, 2000).”



From Choudhury et al. (2006):

“A single immature specimen of the parasite was collected from a white bass, Morone
chrysops (Rafinesque) in Lake Winnipeg, Manitoba, Canada. [...] The previous record of B.
acheilognathi in Canada, from the northern pikeminnow, Ptychocheilus oregonensis in British
Columbia, is a misidentification of Eubothrium tulipai.”

From Sheikh et al. (2014):

“Seasonal surveys were conducted at the Dal Lake of Srinagar [Jammu and Kashmir, India]
between April 2013 and January 2014. Twenty Schizothorax niger and 20 Cyprinus carpio were
collected with the aid of gill nets. [...] The majority (99.8%) of the cestodes found in both fish
species were identified as B. acheilognathi [S. acheilognathi] (Asian tapeworm).”

From Innal et al. (2016):

“This study reports here on the current status of the Asian fish tapeworm, S. acheilognathi in the
freshwater of Turkey. It was recorded to date in 26 fish species from 7 families [in Turkey].”

From De Souza et al. (2018):

“In South America, Schyzocotyle was reported in Cyprinus carpio from a Brazilian fish farm at
the municipality of Cornélio Procopio, northern Parana State and from the natural environment
in C. carpio from Neuquen River, Patagonia, Argentina. [...] Herein we report the first
occurrence of the invasive tapeworm S. acheilognathi in Rineloricaria pentamaculata
(Siluriformes, Loricariidae), a native armored freshwater catfish from southern Brazil.”

“Fifteen specimens of R. pentamaculata were collected, and only a single specimen presented
one cestode parasitizing the small intestine.”

From Scholz et al. (2018):

“In April 2016, freshwater fishes of six species from Antsohihy (Anjingo River), Madagascar
(14°53’ S, 47°54° E) were examined for the presence of metazoan parasites. Among them,
originally unidentified species of the endemic cichlid genus Ptychochromis Steindachner, 1880,
designated as Ptychochromis sp. 1 [...] was infected with 43 specimens of S. acheilognathi
(prevalence 40 %; intensity of infection 1 — 18; mean intensity + SD 7.5 + 8.2; mean abundance
+ SD 3.0 £ 6.2). [...] Most tapeworms were not fully developed and only a few specimens
contained gravid proglottids with the eggs in the uterus.”

Additionally, according to Ahmad et al. (2018), S. acheilognathi has been introduced and is
invasive in Germany, Iran, Iraq, Italy, Kazakhstan, and Russia (Central, South, and western
Siberia); introduced with no further information on establishment status in Afghanistan,
Azerbaijan, Canada, Georgia, Honduras, Israel, Korea, Kyrgyzstan, Malaysia, Mauritius,
Nigeria, Panama, the Philippines, Sri Lanka, Tajikistan, Turkmenistan, and Uzbekistan;



introduced with localized distribution in Algeria and Argentina; and introduced but absent from
New Zealand.

Means of Introduction Outside the United States
From Cole and Choudhury (2015):

“Beginning in the 1950s, [Schyzocotyle acheilognathi] was detected in western parts of the
former Soviet Union, largely because infected carp were moved to and between fish farms.”

“B. acheilognathi is mainly spread by the introduction of infected fish hosts such as the common
carp (Cyprinus carpio) and grass carp (Ctenopharyngodon idella), often for aquaculture (Bauer
et al., 1969; Minervini et al., 1985; Fuller et al., 1999; Bauer and Hoffman, 1976). One of the
major hosts, C. idella, has been widely used for controlling aquatic weeds and this has resulted in
the tapeworm invading places such as North America and Panama (Hoffman, 1999; Choudhury
et al., 2013; Lopez-Jiménez, 1981; Maitland and Campbell, 1992; Fuller et al., 1999).”

Short Description
From Scholz (1997):

“Worms moderately large; strobila consisting of rather elongate proglottides (proglottis
length/width ratio usually 1:0.5-3). Scolex heart-shaped or almost spherical; terminal disc feebly
developed, narrow; dorsally and ventrally situated bothria short and verydeep, with small
openings. Neck absent; first proglottides immediately posterior to scolex, much narrower than
scolex [...].”

“Testes medullary, spherical to oval. Cirrus-sac muscular, spherical, anterior to ovary. Male
genital pore dorsal, opening into common genital atrium. Ovary bi-lobed, median, near posterior
margin of proglottis. Vagina tubular, slightly sinuous, opening into common genital atrium
posterior to male genital pore. Vitelline follicles cortical, spherical to oval, forming 2 lateral
bands confluent between proglottides; band connected medially by several follicles, mostly in
ovarian region [...]. Uterus tubular, sinuous, forming spherical or oval uterine sac opening
ventrally near anterior part of proglottis. Eggs operculate, unembryonated.”

Biology
From Hejna et al. (2024):

“Schyzocotyle acheilognathi has a less complex life cycle than many tapeworm species,
requiring only one intermediate host before reaching its final host (Hansen et. al, 2007). The
adult worm is an intestinal parasite in fish. It absorbs nutrients directly across the tegument (body
covering), competing with the host animal for nutrition (Hansen et al. 2006).”

“Adult worms are hermaphroditic; each proglottid has a complete set of both male and female
reproductive organs and produces eggs through self-fertilization. The eggs are shed into the
water with the host's fecal material, where they hatch into free-swimming hexacanth (six-
hooked) larvae.”



“In a review of 651 studies, Kuchta et al. (2018) found that S. acheilognathi can infect 312 fish
species from 38 families and 14 orders, with species from the family Cyprinidae being the most
commonly infected. Futhermore, the same study found that 11 non-fish species (5 amphibians, 1
reptile, 4 birds, and 1 mammal [humans]) can be infected although these non-fish are not thought
to be definitive hosts. However, non-fish hosts, particularly aquatic birds, may be able to act as
vectors transporting this parasite among water bodies (Kuchta et al. 2018).”

From Marcogliese (2008):

“The Asian fish tapeworm is considered primarily a parasite of cyprinids (Liao and Shih 1956,
Choudhury et al. 2006).”

“One reason for the parasite’s tremendous success and extensive geographic range expansion is
that it does not appear to be specific for its intermediate host, being capable of infecting
numerous species of cyclopoid copepod (Marcogliese and Esch 1989). Moreover, in addition to
being able to infect a variety of cyprinid fishes, it has been found in ictalurids, salmonids,
centrarchids, poecilids, and killifish (Granath and Esch 1983; Choudhury et al. 2004, 2006). Its
principle host is common carp (Cyprinus carpio) and grass carp (Ctenopharyngodon idellus)
(Liao and Shih 1956, Dove and Fletcher 2000) [...]”

Human Uses
No information was found on human uses of Schyzocotyle acheilognathi.

Diseases
No information was found on diseases associated with Schyzocotyle acheilognathi.

Threat to Humans
From Yera et al. (2013):

“We report the first case of egg isolation of the Asian fish tapeworm Bothriocephalus
acheilognathi (Bothriocephalidea) from human stool. A male patient from Saint Laurent du
Maroni (French Guiana) presenting abdominal pain was examined in France for the diagnosis of
intestinal parasites. Diphyllobothrium-like eggs were observed in his stool. However, molecular
phylogenetic analyses based on sequences of rDNA and COI genes showed that the eggs
observed belong to a bothriocephalidean cestode B. acheilognathi. The adult life stages of B.
acheilognathi cestodes are known as invasive parasites of a wide spectrum of fish; however, they
have not been described to parasitize any mammals. This human infection seems to be accidental
and represents a parasite passage through human intestine after the consumption of an infected
fish host.”

From Cole and Choudhury (2015):

“Moderate to heavy B. acheilognathi infections can be fatal to fish fingerlings. This has been
documented in cultured grass carp (Ctenopharyngodon idella), common carp (Cyprinus carpio)



and koi (Yeh, 1955; Bauer et al. 1969; Han et al., 2010); Liao and Shih (1956) reported severe
losses in grass carp of the young-of-the-year age class in China, with a mortality rate of 90% in
winter months (Liao and Shih, 1956). Costs to aquaculture, beyond loss of fish, are due to
disruption of normal hatchery and fish farming operations, increased cost of operation as a result
of treating fish (with medication administered in diet), and draining and disinfecting tanks and
ponds. Aquaculture operations have to invest in additional quarantine and inspection
infrastructure and personnel.”

3 Impacts of Introductions

From Cole and Choudhury (2015):

“The impact of B. acheilognathi on biodiversity is still largely unknown, and assessing the
population-level impact is difficult, but it is suspected of impacting populations of two IUCN-
listed endangered North American fish species, the woundfin (Plagopterus argentissimus) and
the humpback chub (Gila cypha), and potentially threatens others such as the U.S. federally
listed endangered Tui Mohave chub Siphateles bicolor mohavensis (Heckmann, 2000, 2009;
Hoffnagle et al., 2006; Choudhury and Cole, 2012; Archdeacon et al., 2008; Stone et al., 2007).
Also in the USA, it hinders growth of the Near Threatened roundtail chub Gila robusta (Brouder,
1999) and the US-listed Topeka shiner Notropis topeka (Koehle and Adelman, 2007);
experimental infections in the Critically Endangered bonytail chub (Gila elegans) resulted in
reduced growth, decline in health condition indices, and accelerated mortality when food was
reduced (Hansen et al., 2006).”

From Hejna et al. (2024):

“Infection with Schyzocotyle acheilognathi acheilognathi has been shown to reduce a fish's
ability to cope with stressors such as reduced food availability (Hansen, et al., 2006). Competing
with intestinal parasites for nutrients may lead to reduced body condition, anemia, reduced
growth and temperature-dependent mortality, especially in juvenile fish. Other known
pathogenic effects include intestinal inflammation, protein depletion and altered digestive
enzyme activity (Marcogliese, 2008). Infected baitfish in Michigan exhibited symptoms
including enlargement of the abdomen, intestinal distension, and intestinal occlusion and
hemorrhage ([Boonthai] et al. 2017).”

From Brouder (1999):

“The Asian fish tapeworm Bothriocephalus acheilognathi has parasitized many native fish
species, but little is known of its effects on native cyprinid fish hosts. I found a strong negative
correlation (Spearman’s rank correlation, rs = -0.846; P <0.001) between total length of
roundtail chub Gila robusta and number of Asian fish tapeworms. A significant, but weaker
negative correlation existed between weight of fish and number of tapeworms (rs = -0.687; P <
0.001). In addition, infected fish were significantly shorter (P = 0.0241) than uninfected fish.
Infection by Asian fish tapeworm may slow growth, increase susceptibility to infestation, and
increase predation on roundtail chub and possibly other native cyprinids.”



“A strong negative association between total length and infection intensity, along with a
significant difference in total length of infected versus uninfected fish, indicates that tapeworm
infection may have slowed growth of fish. It is not clear whether these results indicate a cause
and effect relationship (i.e., tapeworms caused slower growth). However, results are probably
not due solely to natural variability in growth, genetic predisposition of hosts, or variability in
parasites but may be a combination of at least two of the three.”

“Infection intensity may be higher in small fish as a result of differential diet among size of fish.
In systems where B. acheilognathi is present, small fish are more likely to feed upon cyclopoid
copepods than large fish (Vanicek and Kramer 1969; Minckley 1973; Sublette et al. 1990) and
may be more susceptible than larger fish to infection by the tapeworm. Once infected, growth
may slow and increase the likelihood of continued consumption of copepods and, therefore,
increase infection.”

The following source discusses the negative impacts of Schyzocotyle acheilognathi infection on
the endangered minnow Notropis topeka (Topeka shiner) in a laboratory experiment:

From Koehle and Adelman (2007):

“We examined the effects of Asian tapeworm on Topeka shiners to better understand the results
of our experiments and to determine how Topeka shiners respond to a parasite infection.”

“The presence of tapeworms reduced fish growth rate [...] and survival. A reduction in growth,
though not always quantified, has been reported for several other fish species parasitized by
tapeworms (Brouder 1999; Pulkkinen and Valtonen 1999; Sirois and Dodson 2000; Saksvik et al.
2001). Although mortality due to low levels of tapeworm infection is not often a major concern,
this study demonstrated reduced growth and increased mortality with heavy tapeworm infection,
so care should be taken to check fish for Asian tapeworm infection before rehabilitation stocking
is implemented.”

Schyzocotyle acheilognathi is regulated as a fish parasite in Oregon (Oregon Secretary of State
2023) and Utah (Utah Office of Administrative Rules 2023). See section 1.

4 History of Invasiveness

The History of Invasiveness for Schyzocotyle acheilognathi is classified as High. This species is
widely distributed globally outside of its native range. It is present in fish in trade, and at least
two states (Utah and Oregon) have regulations requiring that fish involved in commerce in that
state be certified free of infection with this parasite. Negative impacts of introduction of

S. acheilognathi have been well-documented in scientific literature. For example, it is associated
with mortality of the endangered Topeka Shiner (Notropis topeka) in a laboratory setting, and its
presence in Roundtail Chub (Gila robusta) is correlated with lower fish length and weight.
Infections with this parasite can also lead to increased costs to aquaculture through loss of fish
and need for treatment and disinfection.



5 Global Distribution

Figure 1. Reported global distribution of Schyzocotyle acheilognathi. Map from GBIF
Secretariat (2024). Observations are reported from continental North America, Puerto Rico,
Hawaii, Australia, Japan, Hungary, Ethiopia, Rwanda, and South Africa. The points in Hungary,
Ethiopia, Rwanda, and South Africa shown on this map represent country centroids rather than
specific locations where S. acheilognathi was detected, so they were not used to select source
points for the climate matching analysis. The points in Manitoba and British Columbia are not
known to represent established populations (Choudhury et al. 2006), so they were not used to
select source points for the climate matching analysis. Points in the United States that did not
represent established populations were also omitted from the climate matching analysis (see
section 6).

Additional georeferenced locations for S. acheilognathi used for the climate matching analysis
(section 7) included locations from Sheikh et al. (2014; India), Xi et al. (2016; China), Innal et al.
(2016; Turkey), Marcogliese et al. (2016; Canada), Smit et al. (2017; South Africa), and Scholz
et al. (2018; Madagascar).

No georeferenced occurrence data were available for portions of the established range of
S. acheilognathi, including Russia, Mongolia, Germany, Iran, Iraq, Italy, and Kazakhstan.



6 Distribution Within the United States
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Figure 2. Reported distribution of Schyzocotyle acheilognathi in the contiguous United States.
Map from Hejna et al. (2026). Observations are reported from Arizona, California, Colorado,
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Figure 3. Reported distribution of Schyzocotyle acheilognathi in Hawaii. Map from Hejna et al.
(2026).

Figure 4. Reported distribution of Schyzocotyle acheilognathi in Puerto Rico. Map adapted from
GBIF-US (2026).



7 Climate Matching

Summary of Climate Matching Analysis

Almost all the contiguous United States had a medium or high climate match for Schyzocotyle
acheilognathi. The highest matches were concentrated in the Great Lakes, Northeast, Mid-
Atlantic, Southwest, Great Basin, and southern California regions. However, high matches
extended across much of the Midwest, coastal Southeast, and interior Pacific Northwest as well.
The Northern Plains, Colorado Plateau, and interior Southeast had a medium climate match. The
only small areas of low climate match were along the Pacific coast from Washington to far
northern California and in the Sierra and Cascade Mountain ranges. The overall Climate 6 score
(Sanders et al. 2023; 16 climate variables; Euclidean distance) for the contiguous United States
was 0.939, indicating that Yes, there is establishment concern for this species. The Climate 6
score is calculated as: (count of target points with scores > 6)/(count of all target points).
Establishment concern is warranted for Climate 6 scores greater than or equal to 0.002 based on
an analysis of the establishment success of 356 nonnative aquatic species introduced to the
United States (USFWS 2024).

Projected climate matches in the contiguous United States under future climate scenarios are
available for Schyzocotyle acheilognathi (see Appendix). These projected climate matches are
provided as additional context for the reader; future climate scenarios are not factored into the
Overall Risk Assessment Category.
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Figure 5. RAMP (Sanders et al. 2023) source map showing global weather stations selected as
source locations (red; United States [including Hawaii and Puerto Rico], Canada, Mexico,
Turkey, Japan, China, Australia, and South Africa) and non-source locations (gray) for
Schyzocotyle acheilognathi climate matching. Source locations from Sheikh et al. (2014), Xi et
al. (2016), Innal et al. (2016), Marcogliese et al. (2016), Smit et al. (2017), Scholz et al. (2018),
GBIF Secretariat (2023), and Hejna et al. (2026). Selected source locations are within 100 km of
one or more species occurrences, and do not necessarily represent the locations of occurrences
themselves.
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Flgure 6. Map of RAMP (Sanders et al 2023) climate matches for Schyzocotyle acheilognathi in
the contiguous United States based on source locations reported by Sheikh et al. (2014), Xi et al.
(2016), Innal et al. (2016), Marcogliese et al. (2016), Smit et al. (2017), Scholz et al. (2018),
GBIF Secretariat (2023), and Hejna et al. (2026). Counts of climate match scores are tabulated
on the left. 0/Pale Pink = Lowest match, 10/Dark Purple = Highest match.

8 Certainty of Assessment

The Certainty of Assessment for Schyzocotyle acheilognathi is classified as High. There is
scientifically credible information that demonstrates the ability of S. acheilognathi to establish
populations outside its native range, resulting in negative impacts. Although there is incomplete
spatial occurrence data on which to base the climate matching analysis, additional occurrence
data would not be expected to change the conclusions drawn from the climate matching analysis
about risk to the contiguous United States.



9 Risk Assessment

Summary of Risk to the Contiguous United States

Schyzocotyle acheilognathi, the Asian tapeworm, is a fish parasite that is native to eastern Asia.
Two of its common host species are the Common Carp (Cyprinus carpio) and Grass Carp
(Ctenopharyngodon idella), both of which have been introduced globally for commercial
purposes, which has contributed greatly to its spread. S. acheilognathi is extremely host-
nonspecific and has been documented in hundreds of other fish species, especially cyprinids.
High parasite load of this species is associated with mortality of small fishes in aquaculture
settings. In native North American fish species, infection with S. acheilognathi has been
associated with reduced growth and, particularly under high parasite load, increased mortality.
The History of Invasiveness for Schyzocotyle acheilognathi is classified as High due to these
negative impacts, as well as its wide introduction and establishment in host fishes outside of its
native range. The climate matching analysis for the contiguous United States indicates
establishment concern for this species. The climate match was high across most of the
contiguous United States. The Certainty of Assessment for this ERSS is classified as High due to
the substantial scientific evidence documenting nonnative establishment and negative impacts of
S. acheilognathi. The Overall Risk Assessment Category for Schyzocotyle acheilognathi in the
contiguous United States is High.

Assessment Elements

History of Invasiveness (see Section 4): High

Establishment Concern (see Section 7): Yes

Certainty of Assessment (see Section 8): High

Remarks, Important additional information: Parasitic organism

Overall Risk Assessment Category: High

10 Literature Cited

Note: The following references were accessed for this ERSS. References cited within quoted
text but not accessed are included below in section 11.

Ahmad F, Fazili KM, Sofi OM, Sheikh BA, Sofi TA. 2018. Distribution and pathology caused
by Bothriocephalus acheilognathi Yamaguti, 1934 (Cestoda: Bothriocephalidae): a
review. Revista Veterinaria 29:142-149.

Boonthai T, Herbst SJ, Whelan GE, Van Deuren MG, Loch TP, Faisal M. 2017. The Asian fish
tapeworm Schyzocotyle acheilognathi is widespread in baitfish retail stores in Michigan,
USA. Parasites & Vectors 10:618.

Brouder MJ. 1999. Relationship between length of roundtail chub and infection intensity of
Asian fish tapeworm Bothriocephalus acheilognathi. Journal of Aquatic Animal Health
11:302-304.



Bunkley-Williams L, Williams EH. 1994. Parasites of Puerto Rican freshwater sport fishes. San
Juan and Mayaguez: University of Puerto Rico, Department of Natural and
Environmental Resources and Department of Marine Sciences.

Choudhury A, Charipar E, Nelson P, Hodgson JR, Bonar S, Cole RA. 2006. Update on the
distribution of the invasive Asian fish tapeworm, Bothriocephalus acheilognathi, in the
U.S. and Canada. Comparative Parasitology 73:269-273.

Cole RA, Choudhury A. 2015. Bothriocephalus acheilognathi. In CABI Compendium.
Wallingford, United Kingdom: CAB International. Available:
https://doi.org/10.1079/cabicompendium.91669 (January 2024).

De Souza GA, Moresca VO, Teixeira GM, Jerep FC, Aguiar A. 2018. First record of the invasive
tapeworm, Schyzocotyle acheilognathi (Pseudophyllidea; Bothriocephalidae) in native
freshwater fish, Brazil. Anais da Academia Brasileira de Ciéncias 90:2845-2849.

GBIF Secretariat. 2023. GBIF backbone taxonomy: Schyzocotyle acheilognathi (Y amaguti,
1943) Brabec, Waeschenbach, Scholz, Littlewood & Kuchta, 2015. Copenhagen: Global
Biodiversity Information Facility. Available: https://www.gbif.org/species/7758879
(January 2024).

GBIF-US. 2026. Species occurrences: Schyocotyle acheilognathi. Available:
https://doi.org/10.15468/dl.zrcnn3 (February 2026).

Hejna M, Bogdanoff AK, Fusaro A, Iott S, Sturtevant R. 2024. Schyzocotyle acheilognathi
(Yamaguti, 1934). Nonindigenous Aquatic Species Database. Gainesville, Florida: U.S.
Geological Survey. Available:
https://nas.er.usgs.gov/queries/FactSheet.aspx?SpeciesID=2798 (January 2024).

Hejna M, Bogdanoff AK, Fusaro A, lott S, Sturtevant R. 2026. Schyzocotyle acheilognathi
(Yamaguti, 1934). Nonindigenous Aquatic Species Database. Gainesville, Florida: U.S.
Geological Survey. Available:
https://nas.er.usgs.gov/queries/FactSheet.aspx?SpeciesID=2798 (January 2026).

Innal D, Aydogdu A, Giiglii SS. 2016. Invasion of Schyzocotyle acheilognathi (Yamaguti, 1934)
(Cestoda: Bothriocephalidea) in Turkey. Acta Biologica Turcica 29:20-25.

[ITIS] Integrated Taxonomic Information System. 2024. Schyzocotyle acheilognathi (Yamaguti,
1934). Reston, Virginia: Integrated Taxonomic Information System. Available:
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSNé&search value=105
9846#null (January 2024).

Koehle JJ, Adelman IR. 2007. The effects of temperature, dissolved oxygen, and Asian
tapeworm infection on growth and survival of the Topeka shiner. Transactions of the
American Fisheries Society 136:1607-1613.



Marcogliese DJ. 2008. First report of the Asian fish tapeworm in the Great Lakes. Journal of
Great Lakes Research 34:566—-569.

Marcogliese DJ, Gendron AD, Forest JJH, Li W, Boyce K, El-Shehabi F, Drake DAR, Mandrak
NE, Sherry J, McLaughlin JD. 2016. Range expansion and molecular confirmation of the
Asian fish tapeworm in the lower Great Lakes and St. Lawrence River with notes on
infections in baitfish. Journal of Great Lakes Research 42:819-828.

Oregon Secretary of State. 2023. Importation, possession, confinement, transportation, and sale
of nonnative wildlife. Oregon Administrative Rules, Rule 635-056-0075.

Sanders S, Castiglione C, Hoff M. 2023. Risk Assessment Mapping Program: RAMP. Version
5.0. U.S. Fish and Wildlife Service.

Scholz T. 1997. A revision of the species of Bothriocephalus Rudolphi, 1808 (Cestoda:
Pseudophyllidea) parasitic in American freshwater fishes. Systematic Parasitology
36:85-107.

Scholz T, Simkova A, Rasamy Razanabolana J, Kuchta R. 2018. The first record of the invasive
Asian fish tapeworm (Schyzocotyle acheilognathi) from an endemic cichlid fish in
Madagascar. Helminthologia 55:84—87.

Sheikh BA, Sofi TA, Ahmad F. 2014. Ecology of the Asian tapeworm, Bothriocephalus
acheilognathi Yamaguti, 1934 of fishes in the Dal lake of Srinagar, Kashmir.
International Journal of Fisheries and Aquatic Studies 2:164—171.

Smit NJ, Malherbe W, Hadfield KA. 2017. Alien freshwater fish parasites from South Africa:
diversity, distribution, status and the way forward. International Journal for Parasitology:
Parasites and Wildlife 6:386—401.

[USFWS] U.S. Fish and Wildlife Service. 2024. Standard operating procedure: how to prepare
an “Ecological Risk Screening Summary.” Version 3. Available:
https://www.fws.gov/media/standard-operating-procedures-how-prepare-ecological-risk-
screening-summary-2024 (January 2026).

Utah Office of Administrative Rules. 2023. Importation of aquatic animals or gametes into Utah.
Utah Administrative Code, Rule R58-17-12.

WoRMS. 2023. Schyzocotyle acheilognathi. World Register of Marine Species. Available:
https://www.marinespecies.org/aphia.php?p=taxdetails&id=851606 (January 2024).

Xi B, Li W, Wang G, Nie P, Xie J. 2016. Cryptic genetic diversity and host specificity of
Bothriocephalus acheilognathi Yamaguti, 1934 (Eucestoda: Bothriocephalidea).
Zoological Systematics 41:140-148.



Yera H, Kuchta R, Brabec J, Peyron F, Dupouy-Camet J. 2013. First identification of eggs of the
Asian fish tapeworm Bothriocephalus acheilognathi (Cestoda: Bothriocephalidea) in
human stool. Parasitology International 62(3):268-271.

11 Literature Cited in Quoted Material

Note: The following references are cited within quoted text within this ERSS, but were not
accessed for its preparation. They are included here to provide the reader with more
information.

Andrews C, Chubb JC, Coles T, Dearsley A. 1981. The occurrence of Bothriocephalus
acheilognathi Yamaguti, 1934 (B. gowkongensis) (Cestoda: Pseudophyllidea) in the
British Isles. Journal of Fish Diseases 4:89-93.

Archdeacon TP, Bonar SA, Kline J, Iles A, Hughson D. 2008. Effects of the Asian tapeworm on
the endangered Mohave Tui chub. Arizona Cooperative Fish and Wildlife Research Unit,
Fisheries Research Report 02-08.

Arthur JR, Lumanlan-Mayo S. 1997. Checklist of the parasites of fishes of the Philippines. FAO
Fisheries Technical Paper 369.

Aydogdu A, Kostadinova A, Fernandez M. 2003. Variations in the distribution of parasites in the
common carp, Cyprinus carpio, from Lake Iznik, Turkey: population dynamics related to
season and host size. Helminthologia 40:33—40.

Bauer ON, Hoffman GL. 1976. Helminth range extension by translocation of fish. Pages 163—
172 in Page LA, editor. Wildlife diseases. Proceedings of the 3rd International Wildlife
Disease Conference, Munich, 1975. New York: Plenum Press.

Bauer ON, Musselius VA, Strelkov YuA. 1969. Diseases of pond fishes. Moscow: Kolos.

Boomker J, Huchzermeyer FW, Naude TW. 1980. Bothriocephalosis in the common carp in the
Eastern Transvaal. Journal of the South African Veterinary Association 51:263-274.

Brandt F de W, Van As JG, Schoonbee HJ, Hamilton-Attwell VL. 1981. The occurrence and
treatment of bothriocephalosis in the common carp, Cyprinus carpio in fish ponds with
notes on its presence in the largemouth yellowfish Barbus kimberleyensis from the Vaal
Dam, Transvaal. Water SA 7:34-42.

Bykhovskaya-Pavlovskaya et al. 1962. [Source material did not give full citation for this
reference. ]

Choudhury A, Cole RA. 2012. Bothriocephalus acheilognathi Yamaguti (Asian tapeworm).
Pages 385400 in Francis RA, editor. A handbook of global freshwater invasive. Oxford,
United Kingdom: Earthscan.



Choudhury A, Hoffnagle TL, Cole RA. 2004. Parasites of native and nonnative fishes of the
Little Colorado River, Grand Canyon, Arizona. Journal of Parasitology 90:1042—1053.

Choudhury A, Zheng S, Pérez-Ponce de Ledn G, Martinez-Aquino A, Brosseau C, Gale E. 2013.
The invasive Asian fish tapeworm, Bothriocephalus acheilognathi Y amaguti, 1934, in
the Chagres River/Panama Canal drainage, Panama. Biolnvasions Records 2:99—-104.

Denis A, Gabron C, Lambert A. 1983. Presence in France of two parasites of east Asian origin:
Diplozoon nipponicum Goto 1891 and Bothriocephalus acheilognathi Y amaguti, 1934
(Cestoda) in Cyprinus carpio (Teleostei, Cyprinidae). Bulletin Frangais de la Péche et de
la Pisciculture 289:128—134. (In French.)

Dove ADM, Cribb TH, Mockler SP, Lintermans M. 1997. The Asian fish tapeworm,
Bothriocephalus acheilognathi, in Australian freshwater fishes. Marine and Freshwater
Research 48:181-183.

Dove ADM, Fletcher AS. 2000. The distribution of the introduced tapeworm Bothriocephalus
acheilognathi in Australian freshwater fishes. Journal of Helminthology 74:121-127.

Faina F, Par O. 1977. Rinsing of the digestive tract of live carp as a diagnostic method for
Bothriocephalus infections. Buletin - Vyzkumny Ustav Fybarsky a Hydrobiologicky
Vodnany CSSR 2:15-21. (In Czech.)

Fernando CH, Furtado JI. 1963. A study of some helminth parasites of freshwater fishes in
Ceylon. Zeitschrift fur Parasitenkunde 23:141-163. (In German.)

Fernando CH, Furtado JI. 1964. Helminth parasites of some Malayan freshwater fishes. Bulletin
of the National Museum Singapore 32:45-71.

Fuller PL, Nico LG, Williams JD. 1999. Nonindigenous fishes introduced into inland waters of
the United States. Bethesda, Maryland: American Fisheries Society.

Granath WO Jr, Esch GW. 1983. Survivorship and parasite-induced host mortality among
mosquitofish in a predator-free North Carolina cooling reservoir. American Midland
Naturalist 110:314-323.

Han JE, Shin SP, Kim JH, Choresca CH Jr, Jun JW, Gomez DK, Park SC. 2010. Mortality of
cultured koi Cyprinus carpio in Korea caused by Bothriocephalus acheilognathi. African
Journal of Microbiology Research 4:543-546.

Hansen SP, Choudhury A, Heisey DM, Ahumada JA, Hoffnagle TL, Cole RA. 2006.
Experimental infection of the endangered bonytail chub (Gila elegans) with the Asian
fish tapeworm (Bothriocephalus acheilognathi): impacts on survival, growth, and
condition. Canadian Journal of Zoology 84:1383—1394.



Hansen SP, Choudhury A, Cole RA. 2007. Evidence of experimental postcyclic transmission of
Bothriocephalus acheilognathi in bonytail chub (Gila elegans). Journal of Parasitology
93:202-204.

Hanzelova V, Zitiian R. 1986. Embryogenesis and development of Bothriocephalus
acheilognathi Yamaguti, 1934 (Cestoda) in the intermediate host under experimental
conditions. Helminthologia 23:145-155.

Heckmann RA. 2000. Asian tapeworm, Bothriocephalus acheilognathi (Yamaguti, 1934) a
recent cestode introduction into the western United States of America: control methods
and effect on endangered fish populations. Proceedings of Parasitology 29:1-24.

Heckmann R. 2009. The fate of an endangered fish species (Plagopterus argentissimus) due to
an invasive fish introduction (Cyprinella lutrensis) infected with Asian tapeworm
(Bothriocephalus argentissimus): recovery methods. Proceedings of Parasitology 47:43—
52.

Heckmann RA, Greger PD, Furtek RC. 1993. The Asian fish tapeworm, Bothriocephalus
acheilognathi, in fishes from Nevada. Journal of the Helminthological Society of
Washington 60:127-128.

Hoffman GL. 1999. Parasites of North American freshwater fishes. Second Edition. Ithaca, New
York: Cornell University Press.

Hoftnagle TL, Choudhury A, Cole RA. 2006. Parasitism and body condition in humpback chub
from the Colorado and Little Colorado rivers, Grand Canyon, Arizona. Journal of
Aquatic Animal Health 18:184—193.

Kezic N, Fijan N, Kajgana L. 1975. Bothriocephalosis of carp in S.R. Croatia. (Botriocefaloza
sarana u SR Hrvatskoj.) Veterinarski Arhiv 45:289-291.

Khalifa. 1986. [Source material did not give full citation for this reference.]

Kim YG, Kim JY, Chun SK. 1986. Life history of Bothriocephalus opsariichthydis Yamaguti
(Cestoda; Pseudophyllida) parasitized on Israel carp Cyprinus carpio (Linne). First
intermediate host and developing procercoid. Bulletin of Fisheries Science Institute
Kunsan, Fisheries Journal Collection 1:1-10.

Korting W. 1974. Bothriocephalosis of the carp. Veterinary Medical Review 2:165-171.

Kuchta R, Choudhury A, Scholz T. 2018. Asian fish tapeworm: the most successful invasive
parasite in freshwaters. Trends in Parasitology 34:511-523.

Liao H, Shih L. 1956. On the biology and control of Bothriocephalus gowkongensis Yeh, a
tapeworm parasitic in the young grass carp (Ctenpharyngodon idellus C. & V.). Acta
Hydrobiologica Sinica 2:129—-185. (In Chinese with English summary.)



Lopez-Jiménez S. 1981. Cestodos de Peces 1. Bothriocephalus (Clestobothrium) acheilognathi
(Cestoda: Bothriocephalidae). (Cestodes of fishes 1. Bothriocephalus (Clestobothrium)
acheilognathi (Cestoda: Bothriocephalidae).) Anales de Instituto Biologia de Universidad
Nacional Autéonoma de México, Seria Zoologia 51:69—-84.

Maitland PS, Campbell RN. 1992. Freshwater fishes of the British Isles. London: HarperCollins
Publishers.

Marcogliese DJ, Esch GW. 1989. Experimental and natural infection of planktonic and benthic
copepods by the Asian tapeworm, Bothriocephalus acheilognathi. Proceedings of the
Helminthological Society of Washington 56(2):151-155.

Minckley WL. 1973. The fishes of Arizona. Phoenix: Arizona Game and Fish Department.

Minervini R, Lombardi F, di Cave D. 1985. (L'introduzione di Bothriocephalus acheilognathi
Yamaguti 1934, in Italia: osservazioni su popolazioni naturali e di allevamento di carpa
(Cyprinus carpio).) Rivista Italiana di Piscicoltura e Ittiopatologia 20:27-32.

Molnar K, Murai E. 1973. Morphological studies on Bothriocephalus gowkongensis Yeh, 1955
and B. phoxini Molnar, 1968 (Cestoda, Pseudophyllidea). Parasitologia Hungarica
6(6):99-108.

Moravec F, Amin A. 1978. Some helminth parasites, excluding Monogenea, from fishes of
Afghanistan. Acta Scientiarum Naturalium Academiae Scientiarum Bohemoslovacae,
Brno 12(6):1-45.

Osmanov SO. 1971. Parasites of fishes of Uzbekistan. Tashkent, USSR: Izdatelstvo EAN
Uzbekskoj SSR.

Paperna 1. 1996. Parasites, infections and diseases of fishes in Africa: an update. CIFA Technical
Paper 31. Available: http://www.fao.org/docrep/008/v9551e/v9551e00.htm.

Pulkkinen K, Valtonen ET. 1999. Accumulation of plerocercoids of Triaenophorus crassus in
the second intermediate host Coregonus lavaretus and their effect on growth of the host.
Journal of Fish Biology 55(1):115-126.

Radulescu I, Georgescu R. 1962. Contributii la cunoasterea parasitofaunei specie
Ctenopharyngodon idella in primul an de aclimatizare in P.R. Romina. Buletinul
Institutului de Cercetari si Proiectari Pisciole 21:85-91.

Rego AA, Chubb JC, Pavanelli GC. 1999. Cestodes in South American freshwater teleost fishes:
keys to genera and brief description of species. Revista Brasileira de Zoologia 16:299—
367.



Reyda FB, Pommelle CP, Doolin ML. 2019. Asian fish tapeworm (Schyzocotyle acheilognathi)
found in New York State for the first time after a long-term fish-parasite survey.
Comparative Parasitology 86:108—113.

Rojas-Sanchez A, Garcia-Prieto L. 2008. Distribucion actual del céstodo Bothriocephalus
acheilognathi en México. Pages 89-93 in Memorias XXV Simposio sobre Fauna
Silvestre. Mexico: Universidad Nacional Auténoma de México.

Salgado-Maldonado G, Pineda-Léopez R. 2003. The Asian fish tapeworm Bothriocephalus

acheilognathi: a potential threat to native freshwater fish species in Mexico. Biological
Invasions 5:261-268.

Salgado-Maldonado G, Matamoros WA, Krieser BR, Caspeta-Mandujano JM, Mendoza-Franco
EF. 2015. First record of the invasive Asian fish tapeworm Bothriocephalus
acheilognathi in Honduras, Central America. Parasite 22(5):1-6.

Saksvik M, Nilsen F, Nylund A, Berland B. 2001. Effect of marine Eubothrium sp.(Cestoda:
Pseudophyllidea) on the growth of Atlantic salmon, Sa/mo salar L. Journal of Fish
Diseases 24:111-119.

Scholz T, Cave D di. 1992. Bothriocephalus acheilognathi (Cestoda: Pseudophyllidea) parasite
of freshwater fish in Italy. Parassitologia (Roma) 34:155-158.

Scholz T, Kuchta R, Williams C. 2012. Bothriocephalus acheilognathi. Pages 282-297 in Woo
PT, Buchmann K. Fish parasites: pathobiology and protection. Wallingford, United
Kingdom: CAB International.

Sirois P, Dodson JJ. 2000. Influence of turbidity, food density and parasites on the ingestion and
growth of larval rainbow smelt Osmerus mordax in an estuarine turbidity maximum.
Marine Ecology Progress Series 193:167-179.

Stone DM, Haverbeke DR van, Ward DL, Hunt TA. 2007. Dispersal of nonnative fishes and
parasites in the intermittent Little Colorado River, Arizona. Southwestern Naturalist
52:130-137.

Sublette JE, Hatch MD, Sublette M. 1990. The fishes of New Mexico. Albuquerque: University
of New Mexico Press.

Van As JG, Schoonbee HJ, Brandt F de W. 1981. Further records of the occurrence of
Bothriocephalus (Cestoda: Pseudophyllidea) in the Transvaal. South African Journal of
Science 77:343.

Van As JG, Basson L. 1984. Checklist of freshwater fish parasites from southern Africa. South
African Journal of Wildlife Research 14(2):49-61.



Vanicek CD, Kramer RH. 1969. Life history of the Colorado squawfish, Ptychocheilus lucius,
and the Colorado chub, Gila robusta, in the Green River in Dinosaur National
Monument, 1964—1966. Transactions of the American Fisheries Society 98:193—-208.

Velasquez CC. 1982. Cestodes of freshwater fishes from the Philippines. Molecular and
Biochemical Parasitology. Toronto: 5th International Congress of Parasitology.

Warburton M, Kuperman B, Matey V, Fisher R. 2002. Parasite analysis of native and non-native
fish in the Angeles National Forest. 2001 Final Report. San Diego, California: U.S.
Forest Service.

Yeh IS. 1955. On a tapeworm Bothriocephalus gowkongensis n. sp. (Cestoda:
Bothriocephalidae) from freshwater fish in China. Acta Zoologica Sinica 7:69-74.



Appendix

Summary of Future Climate Matching Analysis

Future climate projections represent two Shared Socioeconomic Pathways (SSP) developed by
the Intergovernmental Panel on Climate Change (IPCC 2021): SSP5, in which emissions triple
by the end of the century; and SSP3, in which emissions double by the end of the century. Future
climate matches were based on source locations reported by Sheikh et al. (2014), Xi et al. (2016),
Innal et al. (2016), Marcogliese et al. (2016), Smit et al. (2017), Scholz et al. (2018), GBIF
Secretariat (2023), and Hejna et al. (2026).

Under the future climate scenarios (figure A1), on average, high climate match for Schyzocotyle
acheilognathi was projected to occur in California, the Colorado Plateau, Great Basin, Great
Lakes, Mid-Atlantic, Southern Florida, Southern Plains, and Southwest regions of the contiguous
United States. On average, areas of scattered low match were found along the northern Pacific
coast and a large patch of low to medium-low match covered the inland Southeast region. The
Climate 6 scores for the individual future scenario models (figure A2) ranged from a low of
0.734 (model: UKESM1-0-LL, SSP5, 2085) to a high of 0.943 (model: MRI-ESM2-0, SSP3,
2055). All future scenario Climate 6 scores were above the Establishment Concern threshold,
indicating that Yes, there is establishment concern for this species under future scenarios. The
Climate 6 score for the current climate match (0.939, figure 6) falls within the range of scores for
future projections. The time step and climate scenario with the most change relative to current
conditions was SSP5, 2085, the most extreme climate change scenario. Under one or more time
step and climate scenarios, areas within the Colorado Plateau, Northeast, Northern Plains, and
Western Mountains saw a moderate increase in the climate match relative to current conditions.
Increased climate match occurred primarily at the 2055 time step in the Northeast and primarily
at the 2085 time step in regions further west. No large increases were observed regardless of time
step and climate scenarios. Under one or more time step and climate scenarios, areas within the
Appalachian Range, Mid-Atlantic, Northeast, and Southeast saw a large decrease in the climate
match relative to current conditions. Additionally, areas within California, the Great Lakes, Gulf
Coast, Southern Atlantic Coast, Southern Plains, Southwest, and Western Mountains saw a
moderate decrease in the climate match relative to current conditions. The areas showing a
decrease in climate match expanded in extent under time step 2085, especially under SSP5, as
compared to time step 2055. Additional, very small areas of large or moderate change may be
visible on the maps (figure A3).
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Figure Al. Maps of median RAMP (Sanders et al. 2023) climate matches projected under
potential future climate conditions using five global climate models for Schyzocotyle
acheilognathi in the contiguous United States. Climate matching is based on source locations
reported by Sheikh et al. (2014), Xi et al. (2016), Innal et al. (2016), Marcogliese et al. (2016),
Smit et al. (2017), Scholz et al. (2018), GBIF Secretariat (2023), and Hejna et al. (2026). Shared
Socioeconomic Pathways (SSPs) used (from left to right): SSP3, SSP5 (IPCC 2021). Time steps:
2055 (top row) and 2085 (bottom row). Climate source data from CHELSA (Karger et al. 2017,
2018); global climate models used: GFDL-ESM4, UKESM1-0-LL, MPI-ESM1-2-HR, IPSL-
CM6A-LR, and MRI-ESM2-0. 0/Pale Pink = Lowest match, 10/Dark Purple = Highest match.
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Figure A2. Comparison of projected future Climate 6 scores for Schyzocotyle acheilognathi in
the contiguous United States for each of five global climate models under four combinations of
Shared Socioeconomic Pathway (SSP) and time step. SSPs used (from left to right): SSP3, SSP5
(Karger et al. 2017, 2018; IPCC 2021). Time steps: 2055 (top row) and 2085 (bottom row).
Climate source data from CHELSA (Karger et al. 2017, 2018); global climate models used:
GFDL-ESM4, UKESM1-0-LL, MPI-ESM1-2-HR, IPSL-CM6A-LR, and MRI-ESM2-0.
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Figure A3. RAMP (Sanders et al. 2023) maps of the contiguous United States showing the
difference between the current climate match target point score (figure 6) and the median target
point score for future climate scenarios (figure A1) for Schyzocotyle acheilognathi based on
source locations reported by Sheikh et al. (2014), Xi et al. (2016), Innal et al. (2016),
Marcogliese et al. (2016), Smit et al. (2017), Scholz et al. (2018), GBIF Secretariat (2023), and
Hejna et al. (2026). Shared Socioeconomic Pathways (SSPs) used (from left to right): SSP3,
SSP5 (IPCC 2021). Time steps: 2055 (top row) and 2085 (bottom row). Climate source data
from CHELSA (Karger et al. 2017, 2018); global models used: GFDL-ESM4, UKESM1-0-LL,
MPI-ESM1-2-HR, IPSL-CM6A-LR, and MRI-ESM2-0. Shades of blue indicate a lower target
point score under future scenarios than under current conditions. Shades of red indicate a higher
target point score under future scenarios than under current conditions. Darker shades indicate
greater change.
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